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Abstract 
The α-Fe2O3 micro-ellipsoids were prepared using a facile hydrothermal process without any 
surfactant or template, and their morphological, structural and H2S sensing properties were investigated. 
The α-Fe2O3 showed uniform micro-ellipsoids with a long axis diameter of 1.7 µm and a short axis 
diameter of 1.2 µm. Detailed structural analysis confirmed that the synthesized α-Fe2O3 
micro-ellipsoids were compact particles with a hexagonal structure. Gas sensor base on the α-Fe2O3 
micro-ellipsoids showed excellent response, short response/recovery time (less than 90 s and 30 s, 
respectively), low detection concentration (~0.5 ppm), good long-term stability and excellent 
selectivity towards H2S gas at the optimized operating temperature of 350 
o
C. The sensing mechanism 
of the sensor based on the α-Fe2O3 micro-ellipsoids towards H2S was discussed. 
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1. Introduction 
Hematite (α-Fe2O3) is one of the n-type metal oxide semiconductor materials widely utilized in the 
fields of catalysts, waste water treatment, pigment, magnetic materials, photo-catalyst, and electrode 
materials in lithium ion batteries [1-7]. Specially, α-Fe2O3 is believed to be a promising sensing 
material due to its nontoxicity, stability and low cost. Various Fe2O3 nanostructures have been 
synthesized and applied for the detection of CO [8], H2S [9], NO2 [10], hydrocarbon gases [11-13] and 
alcohol [14]. For example, Bandgar et al [15] reported that hybrid nanocomposites films with α-Fe2O3 
nanoparticles were highly selective to NH3 with good response (50 at 100 ppm), fast response time (29 
s) and highly reproducible response curves. Bandgar et al [16] and Navale et al [17] fabricated α-Fe2O3 
thin film sensor on glass substrate using the sol–gel spin coating technique, and the sensors showed a 
good response (17%) for NO2 gas at 200 
o
C. Han et al [18] reported that liquefied petroleum gas (LPG) 
sensors with hematite nanoparticles-chains showed a superior sensitivity. 
Many α-Fe2O3 nanostructures with various morphologies have been synthesized, including 
nanowires [19], nanorods [20,21], nanobelt [22], nanofiber [23,24], nanospheres [25], nanotubes 
[26-28] and porous α-Fe2O3 [29, 30]. However, it is still a big challenge to find a facile preparation 
technique for the α-Fe2O3 with special morphologies in order to achieve excellent gas sensing 
properties, such as good response, short response/recovery time, good long-term stability and 
selectivity. Especially there are no reports to fabricate the H2S gas sensor using the α-Fe2O3 
micro-ellipsoids, which should be stable than α-Fe2O3 nanostructures in applications. 
In this work, the α-Fe2O3 micro-ellipsoids were synthesized using a one-step hydrothermal method 
without any surfactant or template. Gas sensors based on the α-Fe2O3 micro-ellipsoids were fabricated, 
and its optimized operating temperature, response/recovery time, long-term stability and selectivity to 
H2S gas were investigated. 
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2. Materials and methods 
2.1 Synthesis process 
All the reagents (with analytical-grade purity) were purchased from Sinopharm Chemical Reagent 
Co., Ltd, China, and used as-received without any further purification. The α-Fe2O3 micro-ellipsoids 
were synthesized based on a hydrothermal reaction. In a typical synthesis process, FeCl39H2O of 8.109 
g was dissolved in the distilled water of 100 ml under a continuous stirring at room temperature to form 
a 0.3 mol /L FeCl39H2O (light red) homogeneous solution. Subsequently, 50 ml of NaOH (0.6 mol /L) 
was dripped into the above solution in 10 minutes, and continually stirred at the room temperature for 
30 minutes to get a reddish brown Fe(OH)3 sol. The obtained Fe(OH)3 sol was transferred into two 
Teflon-lined stainless steel autoclaves of 150 ml and kept at 170 
o
C for 8 hours. Subsequently, the 
autoclave was cooled down to room temperature naturally. The resultant rufous precipitate was 
collected and washed using centrifugation with distilled water and absolute ethanol for three times, 
respectively. Then it was dried at 80 
o
C in air for two hours. After cooling down room temperature, the 
rufous α-Fe2O3 micro-ellipsoids were obtained. They were then annealed at 400 
o
C for one hour in air 
before used as the sensing material. 
2.2 Characterization methods 
Crystal structures and phase composition of the α-Fe2O3 micro-ellipsoids were characterized using 
X-ray diffraction (XRD, Rigaku D/max-2500) with Cu Kα radiation at a wavelength of 1.5406 Å and 
operating voltage/current of 40 kV/30 mA. The morphologies of the micro-ellipsoids were observed 
using a scanning electron microscope (SEM, Inspect F50, USA) with an operation voltage of 5 kV. 
Transmission electron microscope (TEM, JEM-2200FS, Japan) was used to characterize 
crystallographic features of the sample. Surface porosity was characterized using a method of nitrogen 
4 
 
adsorption isotherms, measured using a BELSORP-miniII (Japan) analyzer at 77.4 K. Before 
measurements, the samples were degassed at 200 °C in a vacuum (with a based vacuum of 10
-6
 Pa) for 
more than 6 hours. Brunauer-Emmett-Teller (BET) method was utilized to calculate the specific surface 
areas, and the total pore volumes (Vtot) were estimated from the adsorbed amounts of nitrogen at a 
relative pressure P/P0 of 0.99. Chemical states of elements for the Fe2O3 samples were analyzed using 
X-ray photoelectron spectroscopy (XPS, KratosAxis-Ultra DLD, Japan) with a monochromatic Al Kα 
radiation (1486.6 eV). Both survey scan and detailed scan of different elements have been recorded 
using the XPS. The Fourier transform infrared spectrum (FT-IR) was measured using Nicolet 380. 
2.3 Gas sensor fabrication and measurements 
 
Figure 1 (a) Schematic gas sensor based on α-Fe2O3 micro-ellipsoids. (b) The measurement setup for 
the gas sensor. 
The schematic illustration of the gas sensor is shown in Fig. 1a. In the alumina tube, there was a 
Ni-Cr heater to control the working temperature of the sensor through varying the heating voltage. 
There were a pair of gold electrodes on the surface of alumina tube. Platinum wires were used to 
connect the gold electrodes with the testing electric circuit. The fabrication process of sensing materials 
layer of α-Fe2O3 micro-ellipsoids could be described as follows. Firstly, as-prepared powders of the 
α-Fe2O3 micro-ellipsoids were mixed with alcohol to form homogeneous slurry. Then the slurry was 
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pasted onto the alumina tube. Finally, the alumina tube was calcined at 300 
o
C for 2 hours to improve 
the stability of the sensors. 
Fig. 1b shows the measurement setup for the gas sensor. The gas sensor was placed inside a 400 ml 
testing chamber. The concentration of target gas and flow rate were controlled using a gas mixing 
system, by controlling the ratio between the target gas and dry air using two mass flow controllers. 
During testing, an appropriate working voltage (Vs=5 V) was applied. Changes of resistance of the gas 
sensor were measured using a source meter (Keithley 2400) and the data were collected using a 
Lab-view software. The respond (R) of the sensor is defined as follows: R=Ra/Rg, where the Rg and 
Ra are the resistance of the sensor in H2S gas and air, respectively [30]. 
3. Results and Discussions 
3.1 Structural and morphological characteristics 
 
Figure 2 (a) XRD pattern; (b, c) SEM images; (d) wide-field TEM image; (e) HRTEM image; (f) 
selected area electron diffraction pattern (SAED) of α-Fe2O3 ellipsoids. 
Fig. 2a shows the XRD pattern of the α-Fe2O3 micro-ellipsoids. All the diffraction peaks were linked 
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with the standard hexagonal structure of hematite (α-Fe2O3) reflection (JCPDS NO.33-0664) with the 
calculated lattice parameters of a=b=5.0297Å, c=13.7340Å and ɑ=β=90°, γ=120°. No characteristic 
peaks from the other iron oxide were identified, indicating that the samples were pure α-Fe2O3. 
Furthermore, the crystallite grain size of the α-Fe2O3 was estimated to be 152.8 nm according to the 
Scherrer formula: 
)cos/( KL                           (1) 
Where λ is the wavelength of the X-ray radiation (0.15406 nm for Cu Kα); K is a constant taken as 0.89; 
β is the line width at half maximum height and θ is the diffracting angle. 
Fig. 2b and Fig. 2c present typical SEM images of the α-Fe2O3 micro-ellipsoids. It can be seen that 
the samples are composed of uniform micro-particles with a long axis diameter of 1.7 µm and a short 
axis diameter of 1.2 µm. The α-Fe2O3 micro-ellipsoids were composed of nanoparticles with diameters 
of 50-180 nm. The measured BET surface areas and pore volumes of α-Fe2O3 micro-ellipsoids were 
2.28 m
2
·g
-1
 and 0.0007 cm
2
·g
-1
, respectively. These low values of surface areas and pore volumes 
indicated that the α-Fe2O3 micro-ellipsoids were compact nonporous particles. The structure of α-Fe2O3 
micro-ellipsoids was different from the other types of reported Fe2O3 ellipsoids. For example, Abaker 
et al [31] prepared nano-ellipsoids using the hydrothermal process with central diameters of 40 nm 
and lengths of 100 nm; Freyria et al [32] reported rain-like Fe2O3, but it was nano-particle, rather than 
micro-particle. 
Fig. 2d shows a low magnification TEM image of the as-prepared α-Fe2O3 micro-ellipsoids. Clearly, 
the α-Fe2O3 powder showed a uniform ellipsoid morphology. A series of clear and continuous lattice 
fringes could be seen from the high-resolution TEM (HRTEM) image (Fig. 2e) of the α-Fe2O3 
micro-ellipsoids. The typical lattice fringe spacing was determined to be 0.362 nm, which is 
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corresponding to the d-spacing of the (012) planes of hexagonal α-Fe2O3. The well crystallized nature 
of the α-Fe2O3 micro-ellipsoids could be confirmed based on the selected area electron diffraction 
(SAED) patterns as shown in Fig. 2f. The diffraction rings in the pattern could be indexed to (012), 
(104), (110), (113), (024), (116) lattice planes of the hexagonal α-Fe2O3, which agree well with the 
results from the XRD analysis as shown in Fig. 2a. 
Based on these results, the formation mechanism of the α-Fe2O3 could be described as follows. 
When NaOH solution was introduced into the FeCl3 solution, amorphous Fe(OH)3 sol was formed 
according to the following reaction (2):  
FeCl3·6H2O + 3NaOH → Fe(OH)3 + 3NaCl + 6H2O                     (2) 
  Fe(OH)3 → FeOOH + H2O                                       (3) 
  2FeOOH → α-Fe2O3 + H2O                                      (4) 
In the hydrothermal process, the amorphous Fe(OH)3 was dissolved and FeOOH was formed as 
according to the chemical reaction equations (3). Under the high pressure and high temperature 
conditions, the FeOOH nanoparticles were combined together by self-assembly and transformed into 
hexagonal phase α-Fe2O3 micro-ellipsoids. 
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Figure 3 SEM images of α-Fe2O3 by the hydrothermal reaction (a) at 170 
o
C for 2 hours; (b) at 140 
o
C 
for 8 hours; (c) at 170 
o
C for 4 hours; (d) at 190 
o
C for 8 hours. 
The effects of the temperature and time of hydrothermal reaction on the morphology and size of the 
products were investigated. When the time of the hydrothermal reaction in the Teflon-lined stainless 
steel autoclave at 170 
o
C was fixed at 2 hours, the product was spherical nanoparticles with an average 
diameter of 128 nm as shown in Fig. 3a. At a lower hydrothermal temperature of 140 
o
C for 8 hours, 
the synthesized product was spherical nanoparticles with an average diameter of 115 nm as shown in 
Fig. 3b. However, when the reaction time was increased to 4 hours at 170 
o
C or the reaction 
temperature was increased to 190
 o
C for 8 hours, the products were uniform micro-ellipsoids as shown 
in Fig. 3c and Fig. 3d, which were same as the sample prepared at 170
 o
C for 8 hours 
 
Figure 4 (a) Fe 2p and (b) O 1s of α-Fe2O3 micro-ellipsoids obtained from the XPS analysis. 
The XPS analysis results of the α-Fe2O3 micro-ellipsoids are shown in Fig. 4. The dominant binding 
energy peaks at 723.8 and 710.9 eV proved that the chemical state in the prepared α-Fe2O3 
micro-ellipsoids is Fe
3+
 as shown in Fig. 4a [30,33]. Three obvious peaks could be identified from the 
O 1s spectrum, i.e., 529.5, 531.2 and 533.0 eV, as shown in Fig. 4b. The peak located at 529.5 eV is 
corresponding to lattice oxygen atoms in the α-Fe2O3. The peaks located at 531.2 and 533.0 eV could 
be attributed to oxygen species and the water molecule which are absorbed on the surface, respectively 
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[33].  
3.2 Gas sensing properties 
 
Figure 5 I-V curves of α-Fe2O3 micro-ellipsoids based sensor at different working temperatures. 
Fig. 5 shows typical current-voltage (I-V) curves between the two neighboring platinum electrodes 
bridged by the α-Fe2O3 micro-ellipsoid layer at different working temperatures from 100 
o
C to 400 
o
C. 
It can be seen that all the currents were increased linearly with the applied bias voltage (from -10 V to 
10 V). Such a perfectly linear behavior revealed that the good ohmic contacts were formed between the 
α-Fe2O3 micro-ellipsoid layer and electrodes. Moreover, with the increase of the working temperature, 
the conductance (S=I/V) of the α-Fe2O3 micro-ellipsoid layer was increased, which is in agreement 
with the conduction characteristics of a typical semiconductor. 
Figure 6 (a) Dynamic response/recovery curves and (b) Response time and recovery time of the 
α-Fe2O3 micro-ellipsoid gas sensor to H2S gas of 100 ppm at different working temperatures. 
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Figure 7 Real-time gas sensing transients of the sensor based on α-Fe2O3 micro-ellipsoids to 100 ppm 
H2S gas at 350 
o
C. 
It is well known that the operating temperature has a significant effect on gas-sensing performance 
of gas sensors. Therefore, in order to find the optimum operating temperature of the H2S gas sensor, the 
responses of the sensor based on α-Fe2O3 micro-ellipsoids to the H2S gas were measured at different 
working temperatures from 30 
o
C to 450 
o
C. As shown in Fig. 6a, the sensing responses of the sensors 
to the H2S gas of 100 ppm increased with the operating temperature increased from 30 
o
C to 350 
o
C. 
The sensing response values had a maximum at 350 
o
C with a response of 11.7. Then, the response 
value was decreased with a further increase of temperature from 350 
o
C to 450 
o
C. Therefore, the 
optimum operating temperature of the α-Fe2O3 micro-ellipsoids based H2S sensor was 350 
o
C.  
The increase in gas response at the operating temperatures from 30 
o
C to 350 
o
C could be attributed 
to the fact that the obtained thermal energy was in favor of overcoming the activation energy barrier for 
the surface chemical reactions between H2S molecules and absorbed oxygen species, causing the 
significant increase of response of gas sensor to H2S [34-36]. However, when the operating temperature 
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was above 350 
o
C, the H2S gas was consumed within a very shallow surface of the sensing layer, 
therefore, the utilization rate of the sensing layer was decreased, thus the diffusion depth of the H2S gas 
was decreased [34-36]. Accordingly, the resistance of sensor was decreased. 
The response and recovery time were defined as the time to achieve 90% of the total resistance 
change in the case of injection and extraction of H2S, respectively. From Fig. 6b, the gas sensor based 
on the α-Fe2O3 micro-ellipsoids obviously shows rapid response (less than 90s) and recovery time (less 
than 30s) at different operating temperatures. Considering all the response results of the sensors 
operated at different temperatures, the temperature of 350 
o
C was chosen as the optimum temperature 
to investigate its sensing properties. Fig. 7 displays the real-time transients for the gas sensing of the 
sensor based on α-Fe2O3 micro-ellipsoids when exposed to 100 ppm H2S gas at 350 
o
C. The response 
time and recovery time were determined to be 78 s and 15 s, respectively. The almost square shape of 
the response curve indicated that the sensor had a rapid response to the H2S gas. When the sensor was 
exposed to air again, the response of the senor could be returned near to the baseline level.  
 
Figure 8 (a) Dynamic response-recovery curve and (b) response of the α-Fe2O3 micro-ellipsoids based 
sensor to H2S gas at the working temperature of 350 
o
C. 
The response and recovery behaviors of the sensor to different concentrations of the H2S gas were 
further investigated at the operating temperature of 350 
o
C, and the results are shown in Fig. 8. It can 
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be seen that the response was increased with increasing H2S concentration. At a low H2S concentration 
of 0.5 ppm, the α-Fe2O3 micro-ellipsoids based sensor still showed an excellent response of 1.45 and a 
fast response time of 80 s and a recovery time of 7 s. The electrical resistance values of the sensor 
decreased quickly as soon as the H2S gases with different concentrations were injected into chamber 
but then recovered quickly to its initial values once the test chamber was refreshed with air, indicating 
good repeatability and reversibility of the sensor. The SEM images proved that the surfaces of α-Fe2O3 
micro-ellipsoids were composed of nanoparticles with diameters of 50-180 nm, which were in favor of 
the diffusion and adsorption of H2S gas. Therefore, the H2S gas sensor has good response and short 
response/recovery time. 
 
Table 1 Comparison of H2S sensing properties of different metal oxide based gas sensor. 
Metal oxide 
Working 
temperature (
o
C) 
Detection Limit 
(ppm) 
Response/recovery 
time 
Reference 
Co3O4 nanoparticles 250 5 1 min/5 min [37] 
CuO nanoparticles 80 10 20 s/60 s [38] 
SnO2 nanotubes 300 100 60 s/90 s [39] 
Porous α-Fe2O3 330 5 1 s/10 s [40] 
Fe2O3 thin films 250 1 64 s /390 s [41] 
α-Fe2O3 nanoparticles 160 50 68 s/35 s [42] 
Fe2O3 thin films 250 1 1.65 min/27 min [43] 
α-Fe2O3 micro-ellipsoids 350 0.5 80 s/7 s Our work 
The sensing properties of the α-Fe2O3 micro-ellipsoids were compared to other metal oxide based 
H2S sensors reported in literature, and the results are listed in Table 1. It can be seen that the gas sensor 
based on the α-Fe2O3 micro-ellipsoids exhibited a better sensing performance with a lower detection 
concentration and more immediate response/recovery times of 80s/7 s, respectively. 
 
13 
 
 
Figure 9 (a) Reproducibility of the sensor based on α-Fe2O3 micro-ellipsoids by repetitively exposing 
it to 100 ppm H2S gas at 350 
o
C; (b) The response of H2S gas sensor based on α-Fe2O3 micro-ellipsoids 
to 40 ppm and 80 ppm for 30 days at 350 
o
C; (c) Dynamic response-recovery curve and (d) Response 
histogram of α-Fe2O3 micro-ellipsoids based gas sensor towards different gases at the same 
concentration of 400 ppm at 350 
o
C. 
Fig. 9a shows the reproducibility of the α-Fe2O3 micro-ellipsoids based sensor exposed to the H2S 
gas at a concentration of 100 ppm for 5 cycles. There was a stable response curve with a maximum 
response of 11.7 to 100 ppm H2S. During the repeated processes of H2S gas injection and release, the 
response-recovery curves of the sensor were almost identical, indicating the good reproducibility of the 
α-Fe2O3 micro-ellipsoids based gas sensor. The long-term stability of the H2S gas sensor based on the 
α-Fe2O3 micro-ellipsoids was also investigated. The response to the H2S gas of 40 ppm and 80 ppm for 
30 days at 350 
o
C are shown in Fig. 9b. It could be seen that there were no significant changes in 
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current responses during the continuous measurement for 30 days, meaning that the sensor had an 
excellent long-term stability for H2S detection.  
The sensing responses of the α-Fe2O3 micro-ellipsoids based sensor to several reducing gases (H2S, 
C2H5OH, CO, H2, NH3) were measured using a fixed gas concentration of 400 ppm at 350 
o
C, and the 
results are shown in Fig. 9c and Fig. 9d. It can be seen that the gas sensor showed a remarkably better 
response to H2S gas than the other gases at the same testing conditions. The gas response to the H2S 
was 3.1 times as high as that to C2H5OH, 7 times as those to CO and NH3, and 9.1 times as that to H2, 
respectively, suggesting that the sensor had an excellent selectivity toward H2S gas. 
 
3.3 Gas sensing mechanism 
The α-Fe2O3 is an n-type metal oxide semiconductor and its sensing property is governed by the 
change of the resistance resulted from the chemical interactions between the target gas and the oxygen 
species absorbed on the surface of the sensor [44, 45]. When the α-Fe2O3 was exposure to the air, the 
oxygen molecules were absorbed on the surface of α-Fe2O3, and then formed negatively charged 
chemisorbed oxygen species (O2
-
, O
-
, O
2-
) by capturing electrons from conduction bands and trapped 
them at the surface. The types of absorbed oxygen species were dependent on the working temperature. 
When the temperature was lower than 100 
o
C, O2
-
 was commonly chemisorbed. However, when the 
temperature was between 100 
o
C and 300 
o
C, O
-
 became commonly chemisorbed and the O2
-
 
disappeared rapidly. Once the temperature was higher than 300 
o
C, the oxygen species were mainly 
existed in the form of O
2-
 [46]. The absorption processes on the surface could be explained as follows:                   
                                         O2(g) → O2(ad)                   (5) 
                                    O2(ad) + e
− → O2(ad)
−           (T < 100 ℃)             (6) 
                                O   2(ad)
− + e− → 2O(ad)
−         (100 ℃ < T < 300 ℃)           (7) 
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                                       O(ad)
− + e− → O(ad)
2−             (T > 300 ℃)                (8) 
The dominant species on the surface of α-Fe2O3 at 350 
o
C was O
2−
 [44]. Therefore, the conduction 
mechanism of the sensor was mainly governed by the following reaction equation [47, 48]: 
H2S(g) + 3O(ad)
2− ↔ H2O(g) + SO2(g) + 6e
−             (6) 
Upon exposed to H2S gas, sulfur dioxide (SO2) was formed on the sensor surface and the free charge 
carriers were injected into the conduction band, thus resulting in the decrease in resistance of the 
sensor. 
 
Fig.10 (a) Wide range XPS spectrum (inset is high resolution spectrum of S 2p) and (b) FT-IR spectrum 
of α-Fe2O3 micro-ellipsoids after exposure to H2S gas. 
To confirm the formation of SO2, XPS analysis after exposure to the sensor to H2S gas were 
performed (as shown in Fig. 10a). It can be seen that there were peaks of S element in the XPS 
spectrum. The fitted curve of high resolution spectrum of S 2p (see the inset of Fig. 10a) shows two 
peaks at 165.8 eV and 170.2 eV, which were assigned to SO2 and the residual H2S absorbed on the 
material surface, respectively [49]. Therefore, formation of the SO2 can be confirmed during surface 
reaction. The FT-IR spectrum after adsorption H2S gas is shown in Fig. 10b. The peaks at 481 cm
−1
 and 
576 cm
−1
 could be attributed to the Fe–O vibration of α-Fe2O3. The region from 700 cm
−1
 to1350 cm
−1
 
was related to sulfate groups. The peak at 1242 cm
−1
 was attributed to the asymmetrically SO2 
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stretching vibration. The peaks at 1083 cm−1 and 984 cm−1 were attributed to the stretching vibration 
of S-O bond. The peaks at 775 cm
−1
 and 810 cm
−1
 could be corresponded to S–O stretching vibration. 
Thus, the IR results also proved the formation of sulfate oxides on the surface of α-Fe2O3 due to 
reaction of H2S with oxygen species on the surface. 
 
4. Conclusions  
In summary, the uniform α-Fe2O3 micro-ellipsoids structure could be prepared directly from solution 
without any surfactant using a facile hydrothermal process. The α-Fe2O3 micro-ellipsoids were compact 
nonporous particles with a long axis diameter of 1.7 µm and a short axis diameter of 1.2 µm. At the 
optimal operating temperature of 350 
o
C, the α-Fe2O3 micro-ellipsoids based H2S gas sensor have good 
sensing performance including low detection concentration, rapid response/recovery time, good 
long-term stability and excellent response. Therefore, the α-Fe2O3 micro-ellipsoids prepared in this 
study can be efficiently used for high-performance H2S gas sensor. 
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